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Outlines

• Introduction
• What is IPOPT
• Main features of IPOPT
• How to make IPOPT CAPE-OPEN 

compliant
• IPOPT with CO Tester
• Conclusions
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What is IPOPT
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IPOPT Strategies
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IPOPT Algorithm – Features

Algorithmic Properties
Globally, superlinearly
convergent (Wächter and 
B., 2005)

Easily tailored to different 
problem structures 

Freely Available
CPL License and COIN-OR 
distribution: 
http://www.coin-or.org

Beta version recently 
rewritten in C++

Solved on thousands of test 
problems and applications

Line Search Strategies for 
Globalization
- l2 exact penalty merit function
- augmented Lagrangian merit 
function
- Filter method (adapted and 
extended from Fletcher and 
Leyffer)

Hessian Calculation 
- BFGS (full/LM and reduced space)
- SR1 (full/LM and reduced space)
- Exact full Hessian (direct)
- Exact reduced Hessian (direct)
- Preconditioned CG 
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IPOPT Comparison on 954 Test Problems
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Comparison of NLP Solvers: Data 
Reconciliation
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Current Activities – IPOPT
• Conversion of IPOPT from FORTRAN to C++

– Modular - easier to maintain and modify
– Interfaces to modeling packages and linear solvers
– Parallelism for free

• IBM MINLP Project
– Combine open source tools (e.g., CBC, IPOPT) to 

build state-of-art MINLP solvers
• Interfaces to Modeling Environments

– AMPL – widely used
– ROMeo – done
– AIMMS – done
– CAPE-OPEN – done 
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Information & Its Flow
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How to Get Model

Structure of Jacobian

Programs

Subroutines in FORTRN

Functions in C/C++

Commercial Modeling Packages 

gPROMS

AMPL

AIMMS

CAPE-OPEN Compliant

Model Size

Bounds 

Starting Point

Structure of Hessain

Equation Evaluation

First Derivatives

Second derivatives
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CAPE-OPEN Compliant

ICapeMINLPSystem::solve()
{

…………
Cape_Ipopt(pMinlp);
………….

Int Cape_Ipopt(ICapeMINLP *pMinlp)
{

SmartPtr cape_ nlp = new CCapeTNLP(pMinlp) ;
SmartPtr app = new  IPOPT(nlp) ;
return (int) app->optimizeTNLP(cape_nlp) ;

}

class CCapeTNLP

{

…….
……..

MINLP

ICapeMINLP
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IPOPT

Position of IPOPT in MINLP
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Get_nlp_info()
Get_bounds_info()
Get_starting_point()
Eval_f()
Eval_grad_f()
Eval_g()
Eval_jac()
Eval_h

IPOPT

CCapeTNLP Cape_Ipopt
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IPOPT & CO Tester
Self-Registry

Define ProgID

Basic Test

Function Test

Integration Test

NLP Formulation

Solve NLP by IPOPT

Screen shot

Text report
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Test with an Example
NLP Formulation
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Conclusions

• IPOPT is an efficient and well tested NLP solver
• IPOPT is freely available from www.coin-or.org

under a Common Public License (CPL)
• An interface has been developed to make 

IPOPT CAPE-OPEN compliant.
• As CAPE-OPEN MINLP compliant modeling 

systems become available, CO community will 
benefit from using IPOPT for solving large-scale 
NLP problems.

http://www.coin-or.org/
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